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Despite the potential importance of movement patterns to croco-
dilian life histories, movement, home range behavior and dispersal
have received careful examination only in Alligator
mississippiensis (Hutton 1989). Data for other species of croco-
dilian are deficient and stem mostly from mark-recapture studies,
which have provided baseline information on many species (e.g.,
Gorzula 1978; Walsh and Whitehead 1993; Webb and Messel 1978;
Tucker et al. 1997). However, telemetry is more suitable for clari-
fying theories about patterns of movement and advancing our un-
derstanding of dynamic activity budgets and seasonal patterns of
habitat use by different life-history stages (Tucker et al. 1997).
Radio-telemetry has been successfully used to track A.
mississippiensis (e.g. Joanen and McNease 1970, 1972; McNease
and Joanen 1974; Goodwin and Marion 1979; Rootes and Chabreck
1993), Crocodylus acutus (Rodda 1984a), Crocodylus niloticus
(Hutton 1989; Hocutt et al. 1992), Crocodylus intermedius (Muñoz
and Thorbjarnarson 2000), Paleosuchus trigonatus (Magnusson
and Lima 1991), and Melanosuchus niger (Martin and da Silva
1998). Attachment configurations for radio tags have included neck
collars (e.g. ,Joanen and McNease 1970), tethering (Rodda 1984a;
Rodda 1984b; Martin and da Silva 1998; Muñoz and
Thorbjarnarson 2000), ingestion (Magnusson and Lima 1991), and
surgical implantation (Magnusson and Lima 1991; Hocutt et al.
1992). The most successful methods in terms of longevity have
been neck collars (Taylor 1984) and surgical implantation (Hocutt
et al. 1992), which have enabled animals to be radio located for
periods in excess of 3 and 2 years, respectively. This paper de-
scribes a new method used for attaching VHF radio tags to
Crocodylus porosus that could easily be modified to attach other
electronic devices such as satellite tags, GPS data loggers or time-
depth recorders.
Captured crocodiles were physically restrained during the at-
tachment procedure by binding the front and rear legs alongside
the body with nylon webbing, and tying the animal to an aluminium
ladder padded with burlap sacks. Subject animals were blindfolded
with eye pads and electrical tape to reduce visual stimulation. Once
restrained, the animals rarely struggled during the procedure un-
less provoked by loud human voices or the sound of an approach-
ing boat. Anesthesia was not used, partly because of difficulty find-
ing an appropriate treatment regimen that effectively and reliably
sedated the animals for the intended procedure, but more impor-
tantly because of the lengthy recovery periods involved (see
Loveridge and Blake 1987; Bennett 1996). Priority was given to
returning the animals to the water as quickly as possible at the end
of the procedure. The procedure was performed near the site of
capture either onboard a small (4.5 m) boat or on the riverbank.
Animals were released as close as possible to the site of capture.
Tags were attached to the enlarged nuchal scales on the dorsal
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surface of the neck because the pronounced keel of these scales
was conducive to the use of bone pins (Fig. 1). The tags fit be-
tween the central nuchal scales of large animals (> 3.5 m) and sat
above these scales on smaller individuals. One animal had a large
gash on its throat and a necrotic wound festering beneath the nuchal
scales. Therefore, the tag was attached to the dorsal scales mid-
way between the front legs.
An aluminium angle bracket was pop-riveted to the tag (Fig.
1A), which was then placed over the central nuchal scales to as-
sess the fit (Fig. 1C). Depending on the size of the nuchal scales,
the bracket could be trimmed with tin snips as required to mini-
mize the height of the tag above the dorsal surface. The ventral
surface of the tag and the bracket were sanded with emery paper
to roughen the surface to aid bonding with the glue. The tag was
then sprayed with 70% ethanol and allowed to dry.
Two brands of equally satisfactory glue were used: Loctite
Fixmaster Underwater Repair Epoxy (<http://www.loctite.com>)
or Selleys Knead It Aqua (<http://www.selleys.com.au>). Both
are hand kneadable, fast setting, co-extruded epoxy repair sys-
tems that come in roll form, with the hardener encapsulated in the
resin. They harden 5–10 min. after mixing to a white solid mate-
rial and cure fully within an hour. Both will adhere to damp or wet
surfaces and cure underwater. The glues are slightly exothermic
while curing but were tested on human skin and temperatures gen-
erated were mild.
The nuchal scales were scrubbed clean with a disposable
chlorhexidine scrub, rinsed with river water and dried with a clean
cloth. The area was sprayed with 70% ethanol, which was allowed
to evaporate. A lump of glue was placed on the ventral surface of
the tag, which was then placed between the central nuchal scales.
The tag and glue were molded to remove any air pockets and mini-
mize the tag’s profile above the dorsal surface while leaving the
outside lateral edges of the central nuchal scales exposed to en-
able the placement of bone pins (Fig. 1B).
The bone pins used were 31 cm, 1.6 mm diameter, stainless
steel Kirschner wires (K-wires), which were cut in half and se-
cured directly into the chuck of a cordless drill. They were then
sprayed with 70% ethanol for sterilization. Two pins were used,
one through the anterior central nuchal scales and a second through
the posterior central nuchal scales (Fig. 1C). The K-wires had a
trocar spike at each end, which enabled them to drill directly
through the osteoderms and bracket without pre-drilling any holes,
but the process was fairly slow. Care was required to ensure the
orientation of the bone pins was horizontal and that they penetrated
only the raised keel of the scales and the bracket (Fig. 1B). Once
the bone pins protruded through the osteoderms they were bent
with pliers, to stop them from pulling through, and trimmed with
wire cutters (Fig. 1B, C). The area was sprayed again with 70%
ethanol, which was allowed to evaporate. Additional glue was then
placed around the tag and molded to provide smooth contouring,
and totally encase and seal the central nuchal scales, bone pins
and the lower half of the tag.
Ten tags were attached using brackets but, because it was thought
that the glue bonded sufficiently well to the tag alone, no bracket
was used for 6 other attachments (Table 1). The length of time a
tag stayed attached to a crocodile was similar, irrespective of
whether a bracket was used (15– > 412 days) or not (132– > 370
days), and I now consider the bracket to be superfluous. Elimina-
tion of the bracket not only reduced the materials required but
also the time taken to attach a tag. Time taken to attach a tag ranged
from 60 min. (bracket and inexperience) to about 30 min. (no
bracket and experience).
Tag attachment without a bracket was a much simpler proce-
dure. The nuchal area was prepared as before. Holes for the bone
pins were pre-drilled through the keel of the nuchal scales with a
sterilized drill bit, which was much faster than trying to drill holes
using the trocar spike at the end of the K-wires. Also, aligning the
bone pins was much easier. After the bone pins were placed through
the scales, they were bent and trimmed as before, and the area was
then sterilized with 70% ethanol. Once the ethanol evaporated,
the glue and tag were placed over the central nuchal scales and
molded into place so that the glue enclosed and sealed the bone
pins and scales, and held the tag in place.
Every effort was made to use as sterile a procedure as possible,
given the limitations of working under field conditions. Because
bone pins were used, a single phrophylactic dose of a broad-spec-
trum antibiotic, oxytetracycline hydrochloride (OTC), was admin-
istered by intramuscular injection as a precaution prior to com-
mencement of the attachment procedure. Dose rates were calcu-
lated by allometrically scaling the therapeutic dose recommended
by the manufacturer for placental mammals, to that for a generic
reptile, using the methods described by Pokras et al. (1992) or
Sedgwick and Borkowski (1996). OTC has the added advantage
of being a suitable biomarker (see Coles et al. 2001). It is worth
noting that crocodiles, in common with other reptiles and non-
mammalian vertebrates, have a renal portal system. Therefore, it
is prudent to inject any medications, especially nephrotoxic drugs,
into the anterior half of the animal to avoid the renal portal system
(Jenkins 1996).
Tags weighed 140 g but, when combined with glue, pins and
bracket, the mass of the assembly increased to about 500 g. In
FIG. 1. Placement and orientation of the radio tag, bracket and bone
pins on the nuchal scales. The attachment was further augmented with
glue, which bonded sufficiently well to the tag and bone pins that the
bracket is now considered redundant.
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general, tags should weigh < 3–5 % of body mass to avoid ad-
verse effects (Kenward 2001). Therefore, using this method with
current tag specifications, animals would need to be > 17 kg or
about 1.8 m total length. The greatest confirmed longevity of at-
tachment (LOA) achieved during the study was > 412 days and
most tags remained attached for > 340 days (Table 1). The study
ended in May 2003, however, aerial crocodile surveys flown in
July 2003 sighted three tagged animals, confirming one tag had
remained attached for > 637 days and two others for > 420 days.
Four tags (25%) are known to have detached during the study:
three detached naturally in submerged snags and one when an
animal escaped from a cage trap (Table 1). Dislodgement of a
tag is most likely during a flight response when an animal is
startled, especially when it is among thick or fallen vegetation,
whether submerged or on the bank.
A simple mean LOA would not provide a meaningful estimate
of expected attachment time because most tags were still attached
and operational at the end of the study ( = censored data, see
McCallum 2000; Crawley 2002). Therefore, survival analysis on
LOA was performed to estimate the mean time to failure using
the survival package within R statistical software (ver. 1.6.2, Ihaka
and Gentleman 1996). No evidence was found that the risk of
detachment increased with attachment time (Weibull distribu-
tion, scale = 1.33, P = 0.5 for H0 scale = 1). Therefore, it was
assumed that the risk of detachment was constant throughout life,
and an exponential survival function was fitted to the data using
parametric regression (McCallum 2000; Crawley 2002). The
mean time to failure was estimated to be 1164 days. The preci-
sion of the estimate was low, having a 95% CI of between 437
and 3103 days, because most of the data were censored with few
failures occurring during the study period (Fig. 2).
Crocodile 185 was re-captured after 370 days and the tag re-
moved to evaluate possible deleterious effects of the attachment
procedure. The skin appeared healthy with only a slight loss of
pigmentation (see Kirshner 1985) and there was no infection or
necrosis visible in the underlying tissue. Skull dimensions, total
length and body mass had all increased suggesting the attachment
FIG. 2. Exponential survival function fitted to longevity of attachment
data. The dashed line is the observed tag attachment time with each step
down representing a detachment event. The crosses represent censored
data, that is, individuals where the tag was still attached and operational
at the final observation. The solid line is the tag attachment time pre-
dicted by fitting an exponential function to the observed data.
TABLE 1. Longevity of attachment (LOA) achieved for 16 animals tagged during the study.
Crocodile Sex Total length Body mass Date attached Bracket LOA at last fix Comments
(m) (kg) (dd/mm/yy) (Y/N) (days)
146 M 2.65 59 15/10/2001 Y 15 Tag detached escaping trap
147 M 2.09 26 22/10/2001 Y 241 +
350 M 2.13 32 23/10/2001 Y 277 +
164 F 2.72 76 25/10/2001 Y 412 +
183 F 3.08 103 11/04/2002 Y 281–384 Tag detached in snag
184 M 3.25 91 22/04/2002 Y 377 +
186 M 3.27 141 24/04/2002 Y 375 +
188 M 3.53 151 07/05/2002 Y 361 +
189 F 2.72 82 07/05/2002 Y 360 +
190 M 2.63 62 09/05/2002 Y 49–67 Tag detached in snag
185 F 2.74 76 24/04/2002 N 370 Tag removed 29/04/2003
191 M 4.34 337 12/05/2002 N 287 +
192 M 3.12 111 16/05/2002 N 352 +
193 M 3.17 116 21/05/2002 N 348 +
194 M 3.07 103 25/05/2002 N 132–195 Tag detached in snag
195 M 2.53 62 26/05/2002 N 341 +
 + Tag still attached and operational at last fix
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had not adversely affected growth or body condition. Furthermore,
all females tagged during the study moved to nesting habitat dur-
ing the wet season and one was detected near a recently constructed
nest. Therefore, attachment of the tags did not appear to have in-
terfered with courtship, mating or nesting behavior. On the basis
of this evidence, I consider the technique to be relatively benign.
In summary, this technique provides a reliable medium to long-
term method for attaching small electronic devices to crocodil-
ians. It has some advantages over other successful methods of tag
attachment. First, it does not constrict an animal’s neck as would a
collar and it is not as invasive as surgical implantation. Also, sig-
nal propagation is better than with an implanted tag, which im-
proves detectability. Examination of underlying tissue on one ani-
mal 370 days after attachment suggests that the method is rela-
tively benign. There are a number of ways the technique could be
refined. Ideally, the tag should have as low a profile as possible
above the dorsal surface of the animal. In hindsight, it would have
been preferable to design a narrower tag that would fit between
the central nuchal scales on a greater size range of animals to re-
duce the overall profile of the tag assembly above the dorsal sur-
face. However, there is a compromise in that the tag itself would
have a higher profile. Additionally, the flexible whip antenna could
be orientated vertically without greatly increasing the risk of de-
tachment, which may improve signal propagation and reception
(see Kenward 2001). The use of alternative materials may also be
advantageous. For example, bone pins made from titanium or
Delrin plastic (<http://plastics.dupont.com>) are probably more
inert than stainless steel. It would be well worth testing the use of
a less dense, flexible polyurethane glue such as Sikaflex-291
(<http://www.sika-industry.com>), which would reduce the over-
all weight of the tag assembly. However, curing times for this prod-
uct are lengthy and would need to be accelerated to be of practical
use in the field.
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